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observed in donkeys infected by larvae of Rhinoestrus usbekistan-
icus (Kaboret and others 1996). The pathology is probably caused
by permanent antigenic stimulation during the infection. In both
of these myiases, considerable numbers of eosinophils and mast
cells have been observed in the lung parenchyma, mainly in the
peribronchial region. In the absence of any other lung parasite and
any cause of allergic pneumonia it is presumed that aspirated lar-
val antigen induces pulmonary sensitisation. It has recently been
suggested that mast cells could induce lung fibrosis; histamine
and serotonin stimulate the growth factor for fibroblasts in vitro
and in vivo. In vitro co-cultivation of fibroblasts and mast cells
resulted, first, in the maturation of mast cells which, in turn, stim-
ulated the growth of fibroblasts and the synthesis of collagen
(Tunon de Lara and others 1996). The same hypothesis could pos-
sibly explain the development of interstitial pneumonia in oestro-
sis in both sheep and donkeys.
Conclusions
Oestrus ovis is a parasite that is very well adapted to sheep. For
years its hooks and spines have been presumed to be the main
cause of pathological changes. However, the clinical and post-
mortem data discussed here indicate that hypersensitivity could be
involved. There are many mast cells and eosinophils in the
mucosae, mainly in the upper layers which are just in contact with
the parasites and antigens. The hypobiotic survival of larvae dur-
ing the winter or during the hot and dry season is associated with
a sharp decrease in the severity of local reactions until the first
instar larvae resume their development.
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Short Communications
Preclinical detection of PrPSc in
nictitating membrane lymphoid
tissue of sheep
K. I. O'Rourke, T. V. Baszler, S. M Parish, D. P. Knowles
Veterinary Record (1998) 142, 489-491
SHEEP scrapie is the prototype of a heterogeneous group of trans-
missible spongiform encephalopathies (TSES) which occur in
humans, cattle, cats, mink and cervids. TSEs are characterised by
the deposition of prion proteins (Prp-Scrapie or PrpSc) in the central
K. I. O'Rourke, D. P. Knowles, US Department of Agriculture,
Agricultural Research Service, Animal Disease Research Unit, Pullman,
WA 99164-7030, USA
T. V. Baszler, Department of Veterinary Microbiology and
Pathology/Washington Animal Disease Diagnostic Laboratory, S. M.
Parish, Department of Veterinary Clinical Studies, College of Veterinary
Medicine, Washington State University, Pullman, WA 99164, USA
nervous system of affected individuals (Prusiner 1982). PrPSc and
infectivity have also been detected in the lymphoreticular system
of sheep well before symptoms occur (Hadlow and others 1982,
Race and others 1992). Detection of PrpSc in lymphoid tissue, such
as tonsils or peripheral lymph nodes, has been proposed as a pre-
clinical diagnostic test for scrapie (Ikegami and others 1991,
Schreuder and others 1996). This short communication reports the
use of a non-invasive diagnostic assay based on biopsy of lym-
phoid nodules in the nictitating membrane of sheep. The nictitat-
ing membrane or third eyelid (palpebra tertia) of ruminant animals
consists of a cartilaginous sheet with superficial lymphoid folli-
cles and a seromucinous secretory gland beneath the conjunctiva
of the bulbar surface (Slatter and Mills 1981). The lymphoid nod-
ules are easily biopsied under local anaesthesia.
Sheep were pretreated by topical administration of proparacaine
hydrochloride (Ophthetic; Allergan) and the nictitating membrane
was everted with disposable 1 x 2-toothed, 5X-inch forceps (Sklar
78055-1). Typically two clusters of lymphoid tissue were visu-
alised above the more pale glandular tissue. A biopsy of one clus-
ter of lymphoid tissue was collected using disposable
Metzenbaum scissors (Sklar 30455) and a second set of forceps.
Biopsied tissue was fixed in formalin and paraffin embedded
using conventional methods. Sections typically contained four to
seven lymphoid follicles.
PrpSc was detected in sheep tissues using a monoclonal anti-
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FIG 1: Immunohistochemical detection of
PrPSC in nictitating membrane-associated
lymphoid tissue and brain of sheep using
MAb F89/160.1.5. (A) Brain (obex) with
spongiform encephalopathy from scrapie-
affected sheep. PrPSC immunostaining in
brainstem (red) rimming neurons and as
plaques around glial cells in the neuropil
(arrowheads). N Neuron perikaryon,
V Neuropil vacuolar change. Bar = 30 pm.
(B) Negative tissue control for Fig 1A. No
immunostaiing with MAb F89/160.1.5 in
brainstem of clinically normal control sheep
from a flock with no known exposure to
scrapie. Bar = 30 pm. (C) Nictitating mem-
brane lymphoid follicles from clinically nor-
mal sheep from a flock with a history of
scrapie. Lymphoid follicle germinal centre
(LF) with punctate multifocal PrPSc
immunostaining (red). Arrowheads indicate
the conjunctiva epithelium. Bar = 115 pm.
(D) Negative tissue control for Fig 1C. No
immunostaining with MAb F89/160.1.5 in nic-
titating membrane lymphoid follicles (LF) of
clinically normal control sheep from a flock
with no known exposure to scrapie.
Arrowhead indicates the conjunctiva epitheli-
um. Bar = 115 pm. (E) Nictitating membrane
lymphoid follicle from a clinically normal
sheep from a flock with a history of scrapie.
Coarse and fine granular cytoplasmic PrPSC
immunostaining (red) within dendritic-like
cells that have open-faced nuclei and multiple
cytoplasmic processes sometimes closely asso-
ciated with mature lymphocytes (large
arrowheads); and macrophage-like cells with
multilobed nuclei and phagocytosed cytoplas-
mic debris (small arrowheads) LF Lymphoid
follicle germinal centre. Bar = 18 pm. (F)
Negative tissue control for Fig 1E. No
immunostaining with MAb F89/160.1.5 in nic-
titating membrane lymphoid follicle of clini-
cally normal control sheep from a flock with
no known exposure to scrapie. Bar = 18 pm
body, F89/160.1.5, which recognises a conserved epitope on cat-
tle, sheep, mule deer and elk PrpSc (O'Rourke and others 1998).
This MAb binds PrPSC in formalin-fixed, paraffin-embedded rumi-
nant brain tissue pretreated by hydrated autoclaving. Because
PrPSC is less abundant in lymphoid tissue than in brain, the sensi-
tivity of the assay was increased by several modifications, with all
variations performed using a paraffin block of tissue from the
obex of a scrapie affected ewe. After rehydration and hydrated
autoclaving (Haritani and others 1992), non-specific sites on the
tissue were blocked by incubation for 30 minutes in 5 per cent
normal horse serum (NHS) (Vector Laboratories) in 0-1 M Tris-
HCI containing 0-05 per cent Triton X-100 (TTB). Sections were
incubated overnight with primary antibody (MAb F89/160.1.5) or
an isotype control, adjusted to 3 ,ug/ml in NHS-TrB. Bound anti-
body was detected by two cycles of incubation with secondary
antibody (biotinylated horse anti-mouse IgG [Vector
LaboratoriesJ diluted 1/200 in NHS-TTB, 40 minutes incubation)
and avidin-biotin-horseradish peroxidase complex (ABC-HRPO)
(Vector Laboratories) (prepared as a 1/250 dilution of each
reagent in TTB, 40 minutes incubation). Chromagen/substrate
(AEC; Dako Corporation) was applied twice for five minutes each
with no intervening washes. Slides were counterstained with
Mayer's haematoxylin and coverslips were mounted in Gel-Trol
(Lipshaw Immunon). This protocol resulted in an increase in the
intensity of the immunostaining in brain tissue from scrapie-
affected sheep (Fig la) with no development of background when
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tissue from unaffected sheep was assayed (Fig lb) or when the
primary antibody was replaced with an isotype control. Controls
for each subsequent run included brain (obex) from scrapie-posi-
tive and scrapie-negative sheep, and each tissue section was pre-
pared in duplicate for incubation with MAb F89/160.1.5 and an
isotype control MAb.
The modified assay was applied to lymphoid tissues, including
the retropharyngeal, superficial cervical, mesenteric and
prefemoral lymph nodes, from a scrapie-affected ewe and healthy
control ewes. Samples fixed in buffered formalin, pretreated by
hydrated autoclaving and stained with this technique were com-
pared with paired samples fixed in paraformaldehyde and pretreat-
ed with formic acid and hydrated autoclaving (Miller and others
1994, van Keulen and others 1996). The samples had a similar
intensity and pattern of PrPSC immunoreactivity, demonstrating
that the fixation and pretreatment methods were equivalent when
ovine lymphoid tissue was immunostained by this technique.
The immunohistochemistry assay was then applied to nictitating
membrane-associated lymphoid tissue from sheep from 11 flocks
(all Suffolk, Hampshire and Southdown breeds) with a history of
clinical scrapie in one or more sheep, confirmed by histology
and/or immunohistochemistry of midbrain. The nictitating mem-
brane lymphoid tissue from nine clinically affected sheep and from
16 clinically normal flockmates showed distinct, multifocal PrPSc
deposition within lymphoid follicle germinal centres (Fig I c),
whereas lymphoid tissue from a negative control sheep showed no
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